(Received 2 April 1948) Pryor (1940) showed that the hardening of the protein component ofinsect cuticle is due to the tanning action of an agent produced by oxidation of a phenolic substance. In the analogous hardening of the cockroach ootheca, Pryor, Russell & Todd (1946) showed that the phenolic substance concerned is 3:4-dihydroxybenzoic acid (I) and suggested a possible mechanism for the hardening process. It was clearly desirable to examine a number of insect species in order to establish the range of phenolic substances which might be concerned.
Polyhydric phenols appear to be widely distributed in arthropods, although very few have actually been isolated, most investigators having simply demonstrated their presence in ethanolic extracts by means of colour reactions. In this way, Pryor (1940) has shown that o-dihydric phenols occur in representatives of six orders of insects (Orthoptera, Odonata, Coleoptera, Hemiptera, Lepidoptera, Hymenoptera), and Lafon (1943) has found them in insects and in Arachnida (Scorpionidea, Araneida) . In insects, phenols are associated with some of the layers of the epicuticle (Wigglesworth, 1947; Webb, 1947) and with the brown proteins (sclerotins) which are responsible for the hardness of the exocuticle. They also occur in the epicuticle of arthropods, whose exocuticle is hardened with calcium carbonate; by a less specific test (the reduction of ammoniacal silver oxide, performed on paraffin sections) we have shown that they are probably present in the epicuticle ofa typical diplopod (Tachypodoiulus niger Leach), and Dennell (1947b) has found them in the epicuticle of several species of Crustacea Malacostraca. Using the same test, Beament (1947) has found that some of the layers of the chorion of the eggs of Rhodniu8prolixus Stiihl (Hemiptera; Reduviidae) are rich in dihydric phenols.
The earliest recorded isolation of a phenolic substance from insects is that of Villon, who is reported by Slater (1887) as having obtained 15 g. of an 'alcohol soluble tannin' from 500 g. of Sitophilu8 granarius L. Schmalfuss & Muller (1927) isolated 3:4-dihydroxyphenylalanine from the elytra of two species ofMelolontha. Schmalfuss, Heider & Winkelmann (1933) isolated 3:4-dihydroxyphenylacetic acid (II) from the elytra of Tenebrio molitor L., and the same acid was obtained by Schmalfuss (1937) from the cuticles of Cetonia aurata L., Poto8ia cuprea F. and Melolontha hippoca8tani F. (Coleoptera; Scarabaeidae). More recently, Pryor et al. (1946) isolated 3:4-dihydroxybenzoic acid (protocatechuic acid) (I) from oothecae of Blatta orientali8, and the same authors (Pryor et al. 1947 ) obtained 3:4-dihydroxybenzoic acid from puparia of Calliphora erythrocephala L. and 3:4-dihydroxyphenylacetic acid and m-hydroxy-,-(3:4-dihydroxyphenyl)-propionic acid (3:4-dihydroxyphenyllactic acid) from imagines of Tenebrio molitor L.
We have now examined the following species: LoCusta migratoria L., Rhizopertha dominica F. (Coleoptera; Bostrychidae), Sitophilu8 (=Calandra auct. non Clairv.) granarius L., S. oryzae L. (Coleoptera; Curculionidae), Tribolium confuaum J. du Val. and T.ferrugineum F. (= ca8taneum Herbst.) (Coleoptera; Tenebrionidae).
The experimental procedure was a modified version of that used in our previous studies and gave much higher yields of phenolic acids. The modifications included freeze drying of the insect material, followed by mechanical grinding, as well as minor changes in the methods of purification. During the isolation procedure, the phenolic acids present were methylated to facilitate working up, so that the acids were actually isolated as their methyl ethers. Previous work (Pryor et al. 1946 (Pryor et al. , 1947 leaves no reasonable doubt that the acids present in the insects are in the umnethylated form. The results, which are recorded in the experimental portion, show that all the species examined contain 3:4-dihydroxyphenylacetic acid (II) and the Tribolium species contain, in addition, 3:4-dihydroxybenzoic acid (I). The low yield of 3:4-dimethoxyphenylacetic acid obtained from Locu8ta is perhaps to be ascribed to the low ratio of cuticle weight to total weight, as compared with the ratio in the other insects investigated. In addition to the insects mentioned in the experimental section we also re-examined imagines of Tenebrio molitor, but, in confirmation of our earlier results (Pryor et al. 1947 Summarizing the information available from the present and earlier work, it appears that phenolic acids have been identified by isolation (as such or as their methyl ethers) from thirteen representative species belonging to three orders of Insecta, whilst colour reactions indicate the presence of similar odihydroxyphenolic substances in four additional orders. We feel justified, therefore, in assuming that these phenolic acids are of general occurrence and may all be concerned in cuticle hardening. Although the presence of traces of acids other than those identified cannot be wholly excluded, the pure methylated substances isolated by us accounted for more than 75 % of the crude methylated phenolic extracts, so that the distribution of the identified acids is of.some interest. Of the thirteen species so far examined, ten contained 3:4-dihydroxyphenylacetic acid, which in seven cases was the only acid present; in two cases it was accompanied by 3:4-dihydroxybenzoic acid, and in one by oc-hydroxy-,-(3:4-dihydroxyphenyl)-propionic acid. 3:4-Dihydroxybenzoic acid occurred alone in two species. In addition, 3:4-dihydroxyphenylalanine has been isolated from two species. The most likely mode of participation of such o-dihydroxy aromatic acids in cuticle hardening is enzymic oxidation followed by condensation of the oxidized material with free amino groups in the cuticular protein, so that stable cross-linked structures are formed in which the nitrogen of the amino groups becomes directly attached to the aromatic nuclei. Thiol groups in the protein may, of course, also take part in reaction with the oxidized dihydroxy acid. The process, indeed, bears a close resemblance to the tanning of leather with quinones. Catechol and 3:4-dihydroxybenzoic acid and their homologues when oxidized condense in vitro with compounds containing free amino groups to give compounds in which nitrogen is directly attached to the aromatic nucleus. ]teactions of this type are being studied at present as an aspect of the work here described and will be reported upon in due course. As to the origin of the phenolic acids in insects, the most probable explanation is that they are degradation products of' 3:4-dihydroxyphenylalanine, itself produced from tyrosine under the influence ofa polyphenol oxidase. It is of interest to.note that both Fraenkel & Rudall (1947) and Dennell (1947a) have also expressed the view that the phenol hardening in blowfly puparia is brought about by a phenolic material produced from blood tyrosine by enzymic oxidation.
Since it was desired to make our investigations as comprehensive as possible, the solutions of sulphurous acid containing cyanide in which the insects were killed and stored were always examined for the presence of phenolic substances. (1 ml.) was added to a solution of ethylhydroquinone (0-5 g.) in dry pyridine (10 ml.). Reaction set in at once and the mixture was allowed to stand overnight and then poured on a mixture of ice and dilute HSO,, and extracted with ether.
The ethereal extract was thoroughly washed, dried over Na2SO4 and evaporated. Recrystallization of the solid residue from methanol (charcoal) gave ethyihydroquinone dibenzoate as colourless needles, m.p. 890 (Found:'C, 76.2; H, 5,3. C22H1504 requires C, 76-2; H, 5.2%). SUMMARY 1. The occurrence of 3:4-dihydroxyphenylacetic acid in six insect species is reported. Two of these. species contain, in addition, 3:4-dihydroxybenzoic acid. These phenolic acids are believed to play a part in the hardening of insect cuticle.
2. From aqueous sulphurous acid used to kill and store two species of Tribolium, ethylhydroquinone has been isolated in substantial yield. Its isolation confirms the results of earlier workers who showed that ethyl p-benzoquinone is secreted by these insects. Evidence is presented that toluhydroquinone is also present in the extracts. 
